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© In an image forming apparatus for simultaneous- 
ly recording plural image lines (L1;L2) on a recording 
medium (5) by scanning simultaneously with plural 
light beams along parallel scanning lines in a pri- 
mary scanning direction, two light beam detectors 
(B;C) each having a starting-side are arranged in 
such a way that the starting-sides are not in parallel 
to each other so that the distance between the 
starting-sides differs depending on the scanning line. 
The difference (T3) in the distances (T1 ;T2) of two 
light beams is measured, and the deviation between 
the two light , beams is determined on the basis of 
the difference in the distances. 
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BACKGROUND OF THE INVENTION 

The present invention relates to an image for- 
ming apparatus, and, in more detail, relates to an 
image forming apparatus in which a plurality of 
beams of light simultaneously scan a recording 
medium in a direction parallel to the primary scan- 
ning direction so that a plurality of lines are si- 
multaneously recorded. (To differentiate deviation 
of beams of light from deviation of times, deviation 
of beams of light will be defined as slippage in this 
specification.) Particularly, the present invention re- 
lates to technology to detect slippages (as defined 
above) of the optical axis of the plurality of beams 
of light. 

In an image forming apparatus in which laser 
beams (beams of light), modulated according to an 
image signal, are reflected by a rotational poly- 
gonal mirror, and caused to scan a recording me- 
dium so that image information is recorded, the 
following has been widely known: the image for- 
ming apparatus is structured in the manner that a 
plurality of laser beams are used and a plurality of 
lines are simultaneously recorded, in order to in- 
crease the recording speed (refer to Japanese Pat- 
ent Publication Open to Public Inspection No. 
188713/1992). 

SUMMARY OF THE INVENTION 

In the case where a plurality of laser beams 
are caused to simultaneously scan the recording 
medium as described above, scanning positions of 
a plurality of laser beams are deviated in the pri- 
mary scanning direction or secondary scanning 
direction, causing problems in which accurate im- 
age formation is adversely influenced. 

In view of the above described problems, an 
object of the present invention is to measure slip- 
pages of the optical axis of laser beams, particu- 
larly, in the secondary scanning direction by a 
simple structure, in an image forming apparatus 
which is structured in the manner that a plurality of 
laser beams is used for recording the image, and 
further to provide an appropriate apparatus to de- 
tect slippages of the optical axis in the secondary 
scanning direction and slippages of the optical axis 
in the primary scanning direction. 

Accordingly, the image forming apparatus, ac- 
cording to the present invention, causes a plurality 
of laser beams to simultaneously scan the record- 
ing medium in the direction parallel to the primary 
scanning direction for simultaneously recording a 
plurality of lines. The image forming apparatus 
comprises: two light beam detection means which 
are arranged in the primary scanning direction so 
that an end of the front of the primary scanning 
direction of each light beam detection area is not in 



parallel with each other; a first time difference 
measuring means, in which only one light beam of 
a plurality of light beams respectively scans/enters 
two light beam detection means, and the difference 

5 of time in which the light beam is detected, is 
measured by two light beam detection means; a 
second time difference measuring means, in which 
only another light beam, different from the light 
beam used for scanning in the first time difference 

io measuring means, respectively scans/enters two 
light beam detection means, and the difference of 
time, in which the light beam is detected, is mea- 
sured by two light beam detection means; a time 
deviation calculation means in which deviations be- 
ts tween time differences, which are respectively 
measured by the first and second time difference 
measuring means, are calculated; and a secondary 
scanning direction slippage detection means in 
which the slippage of an interval between two light 

20 beams in the secondary scanning direction per- 
pendicular to the primary scanning direction is de- 
tected by comparing the deviation calculated by 
the time deviation calculation means with the refer- 
ence value, wherein two light beams are selectively 

25 used for scanning respectively in the first and 
second time difference measuring means. 

Further, the image forming apparatus, accord- 
ing to the present invention, is structured in the 
manner that: a plurality of light beams sirnulta- 

30 neously scan the recording medium in the direction 
parallel to the primary scanning direction so that a 
plurality of lines are simultaneously recorded; at 
least three light beam detection means are ar- 
ranged in the primary scanning direction; and ends 

35 of the front of the primary scanning direction of the 
light beam detection areas of the light beam detec- 
tion means are combined in two ways so that some 
of those ends are not parallel, and the other ends 
are parallel with each other. 

AO According to the image forming apparatus 
structured as above, since two light beam detection 
means are arranged in the primary scanning direc- 
tion so that ends of the front of the primary scan- 
ning direction of the light beam detection areas are 

45 not parallel with each other, the distance between 
ends is changed along the secondary scanning 
direction perpendicular to the primary scanning di- 
rection. 

Accordingly, in the case where only one light 
so beam is detected by the two light beam detection 
means, the time interval of rise of the light beam 
detected by each light beam detection means is 
changed corresponding to the scanning position in 
the secondary scanning direction. 
55 Here, when the time intervals of rise of two 

light beams, which are compared with each other, 
are measured, the difference between time inter- 
vals of light beams expresses a value correlated to 
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the interval of each light beam in the secondary 
scanning direction, and the change of the differ- 
ence between the time intervals shows the slippage 
of the optical axis in the secondary scanning direc- 
tion (the change of intervals of light beams in the 
secondary scanning direction). 

In the image forming apparatus according to 
the present invention, at least three light beam 
detection means are provided so that: a combina- 
tion of the light beam detection means is provided 
in which ends of the front of the primary scanning 
direction in the light beam detection area are not 
parallel with each other; and also a combination of 
the light beam detection means is provided in 
which ends of the front of the primary scanning 
direction are parallel with each other, so as to 
apply to the measurement of the intervals of light 
beams in the secondary scanning direction as de- 
scribed above. 

When a combination of the light beam detec- 
tion means, in which ends of the fronts are parallel 
with each other, are used, the slippage of the 
scanning position in the secondary scanning, direc- 
tion does not influence the time* mterval in which 
the light beam is detected by each light beam 
detection means, and the positional relationship in 
the primary scanning direction can be indepen- 
dently used for the detection of a slippage in the 
primary scanning direction in a plurality of light 
beams. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing an image 
exposure system of an example of the present 
invention. 

Fig. 2 is a view showing the detail of an index 
sensor. 

Fig. 3 is a flow chart showing the optical axis 
...slippage detection in the primary and secondary 
scanning direction. 

Fig. 4 is a view to explain slippage detection in 
the secondary scanning direction. 

Fig. 5 is a view to explain the characteristics of 
slippage detection in the secondary scanning direc- 
tion. 

■ Fig. 6 is a time chart to explain the time 
measurement using a clock. 

Fig. 7 is a block diagram showing the optical 
axis adjustment according to the result of the slip- 
page detection. 

Fig. 8 is a block diagram showing the circuit 
composition in which the optical axis slippage de- 
tection in the secondary scanning direction is car- 
ried "out. 

Fig. 9 is a view to explain the characteristics of 
the slippage detection in the primary scanning di- 
rection. 



Fig. 10 is a view showing another example of 
sensor construction. 

Fig. 1 1 is a view showing still another example 
of sensor construction. 
5 Fig. 12 is a view showing one more example of 

sensor construction. 

Fig. 13 is a view showing a further example of 
sensor construction. 

Fig. 14 is a view showing the sensor construc- 
io tion having three sensors. 

Fig. 15 is a view showing the slippage detec- 
tion in the secondary scanning direction by the 
three sensors. 

Fig. 16 is a view showing the slippage detec- 
ts tion in the primary scanning direction by the three 
sensors. 

Fig. 17 is a view showing another example of 
sensor construction. 

Fig. 18 is a view showing another example of 
20 sensor construction. 

Fig. 19 is a view showing the sensor construe- . 
tion by three sensors. 

Fig. 20 is a view showing another example of 
sensor construction. 

25 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 



An example of the present invention will be 
. 30 described below. 

Fig. 1 is a view showing an image exposure 
system of a laser printer as an example of an 
image forming apparatus according to the present 
invention. The printer in the example is a type in 
35 which two laser beams (light beams) L1 and L2, 
internally modulated corresponding to image data,' 
scan in parallel with the primary scanning direction,' 
so that two lines are simultaneously recorded. 

In Fig. 1, a light source unit 1 is structured in 
40 the manner that two semiconductor lasers 1a and 
1b are arranged in a row. Two diffused beams of 
light emitted from the light source 1 become two 
parallel laser beams L1 and L2 through a con- 
denser lens 2. 

45 Two laser beams L1 and 12 irradiate a poly- 

gonal mirror 3, and these two laser beams reflected 
by the polygonal mirror 3 scan a photoreceptor 
drum (recording medium) 5 through an fe lens 4. 
The photoreceptor drum 5 is synchronously 
so rotated with the primary scanning of laser beams 
Li and L2, thereby, laser beams L1 and L2 and the 
photoreceptor drum 5 are relatively moved in a 
secondary direction (direction perpendicular to the 
primary scanning direction), and two dimensional 
55 image recording is carried out. 

As described above, exposure of one line, and 
that of the other line, corresponding to image data, 
are simultaneously carried out, and a latent image 
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is formed on the photoreceptor drum 5 (recording 
medium). Toners, charged with reverse polarity, 
adhere to the latent image, and the latent image is 
developed. After that, a recording sheet is superim- 
posed on the toner image, electric charges with 
reverse polarity to corona charging polarity are 
supplied to the recording sheet from the rear of the 
recording sheet by a corona charger, and the toner 
image is transferred onto the recording sheet. 

Scanning starting points of laser beams 1 1 and 
L2 reflected by the polygonal mirror 3 are detected 
by an index sensor 6 provided on the front of the 
scanning area. 

A reflection mirror 7 is used for guiding laser 
beams L1 and L2 to the index sensor 6 when laser 
beams L1 and L2 irradiate the front of the scanning 
lines. 

The index sensor 6 is structured in the manner 
that: four sensors (light beam detection means) A 
through D, which respectively output detection sig- 
nals, are integrally provided; sensors A through D 
are arranged in the primary scanning direction, and 
laser beams L1 and L2 scan the sensors in the 
sequence of A — B — D — C. 

Light beam detection areas (light receiving 
areas) of sensors A through D are formed into four 
right triangles. Sensor A is located in the manner 
that: the longer of two sides, by which a right angle 
is formed in the detection area of the right triangle, 
is an end of the front of the primary scanning 
direction; and the longer side is perpendicular to 
the primary scanning direction (parallel with the 
secondary scanning direction). Sensor B is located 
in the manner that: the hypotenuse of the detection 
area of the right triangle is an end of the front of 
the primary scanning direction; and the hypotenuse 
crosses the primary scanning direction at an angle 
which is formed by the long side and the hypot- 
enuse. Sensor D is located in the manner that: the 
located condition of the detection area of sensor A 
is turned upside down, when the secondary scan- 
ning direction is supposed to be at the top and 
bottom. Sensor C is located in the manner that the 
detection area is symmetrical with respect to the 
axis which is along sensor A and the secondary 
scanning direction. 

Although sensors A and C shown in Fig. 2 are 
located in the manner that the longer of the two 
sides by which the right angle is formed is per- 
pendicular to the primary scanning direction, the 
sensors may be located in the manner that the 
long side is parallel with the primary scanning 
direction. 

Due to the arrangement of sensors A though D, 
ends of the front of the primary scanning direction 
of sensors A though D are positioned in the man- 
ner that: sensors A and D are parallel with each 
other along the secondary scanning direction; and 



sensors B and C are not parallel with each other, 
and directions of inclination are reversed with re- 
spect to the primary scanning direction. 

In Fig. 2, a position of the front of the detection 

5 of laser beam L1 by sensor A (a position at which 
the beam detection signal rises) is shown by a1, 
and that of the laser beam L2 is shown by a2. In 
the same way, the position of the front of the 
detection of laser beam L1 by sensor B is shown 

10 by b1, and that of laser beam L2 is shown by b2. 
The position of the front of the detection of laser 
beam L1 by sensor C is shown by c1 , and that of 
laser beam L2 is shown by c2. The position of the 
front of the detection of laser beam L1 by sensor D 

75 is shown by d1, and that of laser beam 12 is shown 
by d2. 

In this example, the slippage of the interval of 
laser beams L1 and L2 in the secondary scanning 
direction is measured by the above-described sen- 
20 sors A through D, as shown in the flow chart in Fig. 
3. 

The program shown in the flow chart in Fig.3 is 
carried out every time the laser printer is turned on. 
Initially, only laser beam L1 is turned on, and the 
25 laser beam scans in the same way as in the case 
of the normal image recording (S1). 

When laser beam L1 scans sensors A through 
D, the time (the difference of the detection time) T1 
(refer to Fig. 4) from the rise of the beam detection 
30 by sensor B (b1 ) to the rise of the beam detection 
by sensor C (c1) is measured (S2). 

The functions of S1 and S2 correspond to the 
first time difference measuring means. 

Next, only laser beam L2 is turned on instead 
35 of the laser beam L1, and laser beam L1 scans in 
the 'same way as in the case of normal image 
recording (S3). 

In the same way, when laser beam 12 scans 
sensors A through D, time T2 (refer to Fig. 4) 
AO elapsed from the rise of the beam detection by 
sensor B (b2) to the rise of the beam detection by 
sensor C (c2) is measured (S4). 

The above-described functions of S3 and S4 
correspond to the second time difference measur- 
es ing means. 

When the measurement of times T1 and T2 
has been completed, an absolute value of the de- 
viation T3 between times Tl and T2 is calculated. 
Further, the difference between the reference 
so value of deviation T3, corresponds to the case 
where the interval of laser beams L1 and 12 in the 
secondary scanning direction is normal, and de- 
viation T3, which has been actually obtained in the 
above processing, is found as a value correspond- 
55 ing to the amount of slippage of the interval (S5). 
The function of S5 corresponds to the time de- 
viation calculation means and the secondary scan- 
ning direction slippage detection means. 

4 
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It is preferable that the reference value can be 
arbitrarily changed through an operation section of 
the laser printer. 

That is, when positions b1 and c1 in the secon- 
dary scanning direction, in which laser beam L1 is 
detected by sensors B and C, are assumed as the 
reference position, for example, it is assumed that 
the scanning position of laser beam L2 is deviated 
downward in Fig. 4 in the secondary scanning 
direction. In this case, since the system is struc- 
tured in the manner that the interval of the ends of 
the front of the detection areas of sensors B and C 
is extended to both sides in the primary scanning 
direction as it comes downward in Fig. 4, positions 
b2 and c2, in the secondary scanning direction, in 
which laser beam L2 is detected by sensors B and 
C, are deviated as follows: position b2 is deviated 
to the front in the scanning direction, and position 
c2 is deviated to the rear end in the scanning 
direction. Accordingly, time T2 becomes longer 
and time T3 becomes longer with respect to the 
reference value. 

Accordingly, when the deviation between time 
T3 and the reference value is found, the amount of 
slippage of the interval between laser beams L1 
and L2 can be calculated according to information 
of the scanning speed and the angle of the hypot- 
enuse in sensors B and C. 

When the mechanism is provided in which the 
scanning position in the secondary scanning direc- 
tion can be adjusted as disclosed in, for example, 
Japanese Patent Publication Open to Public In- 
spection No. 50809/1988, the interval in the secon- 
dary scanning direction of laser beams L1 and L2 
can be adjusted to the regulated value by adjusting 
the scanning position in the secondary scanning 
direction of the laser beams L1 and L2 according 
to information of the calculated amount of the slip- 
page. 

When the interval slippage in the secondary 
scanning direction of laser beams L1 and L2 is 
detected as described above, it is preferable that 
the angle B ' shown in Fig. 5 is set as sharp as 
possible since the time interval caused by the 
slippage is fluctuated by the angle at which the 
hypotenuses of sensor B and C obliquely cross 
with respect to the primary scanning direction, in 
other words, it is preferable that the interval of the 
hypotenuses of the detection areas of sensors B 
and C suddenly changes along the secondary 
scanning direction. Further, angle B • may be de- 
termined corresponding to the accuracy of adjust- 
ment of the scanning position and the resolving 
power of the time measurement. 

Further, the result of the measurement of times 
T1 and T2, and information of the finally calculated 
amount of slippage may be displayed on the dis- 
play section provided in the laser printer. 



In this connection, in this example, the mea- 
surement of times T1 and T2 is carried out as 
shown in Fig. 6. 

In Fig. 6. although the case is shown where the 
5 time interval (time between al and d1), in which 
laser beam L1 is detected by sensors A and D, is 
measured, the measurement can also be carried 
out by the other combination of sensors A through 
D in the same way. 
70 In Fig. 6, the reference clock elk is succes- 

sively delayed by 1/16 periods, and 16 kinds of 
delay clocks dlO (reference clock) through d!15 are 
generated using digital delay lines. In Fig. 6, only 
the clock elk, dM, dl2, dIB, dl12, dl15 are shown, 
75 and the other delay clocks are omitted. 

When, for example, the clock synchronized 
with the rise a1 of the detection signal of sensor A 
(a clock which initially rises just after the rise of the 
detection signal) is the clock dl8, the rise of the 
20 detection signal at the time of synchronization is 
initially counted, and then the rise of clock dl8 is 
successively counted. 

When the detection signal of sensor D rises in 
the foregoing count, and the clock which- is in 
25 synchronization with the rise (dl) of the detection 
signal is dl12, the difference between the time of 
outputs is obtained by the following calculation: the 
value, in which the number of the rise of the clock 
d!8 counted up to that time (the rise of the clock 
30 dl8 synchronized with the detection signal (a1) of 
sensor A is included) is lowered by 1, is multiplied 
by the clock period, so that a time value is ob- 
tained; the time value is added by the phase dif- 
ference between clock d!8 and clock d!12 (which is 
35 4/16 periods, and can be expressed as the delay 
clock number = dl4); and thereby the difference 
between output times (the interval between a1 and 
d1) of the detection signals by sensors A and D is 
obtained. 

40 In the slippage detection in the secondary 

scanning direction, it is preferable that: times T1 
and 12 are found by the above described calcula- 
tion as the counted number of clocks and the delay 
clock number; the reference time corresponding to 

45 the regulated value of the interval is also given as a 
clock count number and a delay clock number; and 
the count number and the delay clock number are 
respectively calculated in the calculation of the 
time difference. 

so In this case, information of the slippage in the 

secondary scanning direction is outputted to an 
adjusting mechanism (for example, a stepping mo- 
tor) as the clock count number and the delay clock 
number (refer to Fig. 7). 

55 Next, referring to Fig. 8, an example of a 

circuit, in which the time is measured as described 
above, and the slippage is detected according to 
the result of the measurement, will be specifically 
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explained below. 

In Fig. 8, the outputs of sensors B and C are 
respectively inputted into a phase detector (1) 11 
and a phase detector (2) 1 2. 

On the other hand, the reference clock elk is 
inputted into a digital delay line 13 and the clocks 
dIO through d!15 are outputted from the digital 
delay line 13. 

In the phase detectors (1) 11. and (2) 12, the 
delay clocks dIO through d!15 synchronized with 
the rises of the detection signals of sensors B and 
C are respectively detected (refer to Fig. 6), and 
the result of the detection is outputted to a phase 
difference calculation section 14. 

In the phase difference calculation section 14, 
the phase difference (1/16 period units) between a 
clock synchronized with the detection timing of 
sensor B (b1 or b2) and a clock synchronized with 
the detection timing of sensor C (c1 and c2), that 
is, fractions within the clock period of the detection 
interval of the sensors B and C are found, and the 
result of that is stored in a latch circuit 18 cor- 
responding to a one-shot pulse generated in a one- 
shot circuit 31 by the detection signal of sensor C. 

The detection result by the phase detector (1) 
1 1 is also outputted to a clock selector 1 5. and a 
delay clock synchronized with the detection signal 
of sensor B is selectively outputted from the clock 
selector 15 to a counter 16. 

In the counter 16, the time interval between the 
rise b1 (b2) of sensor B and the rise c1 (c2) of the 
sensor C is measured by counting docks outputted 
from the clock selector 15. A counting range of the 
counter 16 is controlled by a flip-flop 17 into which 
outputs from sensors B and C are inputted. 

The counted value by the counter 16 is stored 
in a latch circuit 1 8 by a one-shot pulse. 

Due to the foregoing, time T1 which is the 
detection interval by sensors B and C at the time 
when, for example, only laser beam L1 is turned 
on, is measured and stored in the latch circuit 18, 
and then, time T2, at the time when only laser 
beam L2 is turned on in the same way, is mea- 
sured and stored in the latch circuit 18. 

In the circuit structure shown in Fig. 8, the 
function as the first-time difference measuring 
means and the second-time difference measuring 
means is realized by: the phase detectors (1)11 
and (2) 12; the digital delay line 13; the phase 
difference calculation section 14; the clock selector 
15; the counter 16; the flip-flop 17; the latch circuit 
1 8; and the one-shot circuit 31 . 

When times T1 and T2 are obtained as the 
clock count number and the clock phase differ- 
ence, the difference between times T1 and T2 is 
respectively calculated with respect to the clock 
count number and the clock phase difference in a 
time difference calculation section 19, which is the 



time deviation calculation means, and the results 
are temporarily stored in a latch circuit 20. 

In a slippage calculation section 21, which is a 
secondary scanning slippage detection means, the 
s reference value supplied from the operation section 
is compared with data stored in the latch circuit 20, 
and the slippage (an amount of change of the 
interval) of laser beams L1 and L2 in the secondary 
scanning direction is calculated, and the calculation 

10 result is outputted to a display section. The calcula- 
tion result is also supplied to an adjusting mecha- 
nism and slippage in the secondary scanning di- 
rection is corrected. 

In this connection, processing, in which only 

is sensors B and C in sensors A through D are used 
for the detection of the slippage of laser beams L1 
and 12 in the secondary scanning direction, and 
the slippage is adjusted, is explained above. How- 
ever, it is preferable that the relationship of the 

20 scanning position of laser beams L1 and L2 in the 
primary scanning direction (the slippage in the pri- 
mary scanning direction) is detected, and writing 
positions by laser beams L1 and L2 is controlled 
according to the detection result, for which sensors 

25 A and D are provided. 

The content of processing for detecting the 
slippage in the primary scanning direction is shown 
in the flow chart in Fig. 3, following the slippage 
detection processing in the secondary scanning 

30 direction. 

Initially, only laser beam L1 is turned on (S6), 
and the difference of time T5 (refer to Fig. 9) 
between the rise (a1) at which laser beam L1 is 
detected by sensor A, and the rise (d1) at which 

35 laser beam L1 is detected by sensor D is mea- 
sured (S7). 

Since the ends of the front of the primary 
scanning direction in the light beam detection area 
of sensors A and D are parallel with each other in 

40 the secondary scanning direction (perpendicular to 
the primary scanning direction), the difference of 
time T5 is not influenced by the scanning position 
in the secondary scanning direction, and is deter- 
mined only by the interval of the ends of the front 

45 of the primary scanning direction of sensors A and 
D, and the scanning speed. 

Next, the mask control of laser beams L1 and 
L2 is conducted lor scanning (S8) so that only laser 
beam L1 enters into sensor A and only laser beam 

so 12 enters into sensor D. The difference. of time T6 
(refer to Fig. 9) between the time of rise (a1) at 
which laser beam L1 is detected by sensor A, and 
the time of rise (d2) at which laser beam L2 is 
detected by sensor D, is measured (S9). 

55 The mask control may be carried out by the 

switching control of laser beams L1 and L2, or 
laser beam L1 and L2 may selectively enter into 
sensors A and D using a polarizing element or the 

6 
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like. 

When laser beams L1 and L2 scan in the 
primary scanning direction without slippage, the 
difference of time T5 is equal to time T6.' For 
example, when scanning of laser beam L1 is de- 
layed and laser beam L2 scans, the delay is found 
by the following equation: T6 - T5 (= T7) (S10: 
refer 4o Fig. 9). 

Accordingly, in this case, when the writing 
starting time by the laser beam L2 is delayed with 
respect to that by the laser beam L1 by the fore- 
going time T7, image recording can be carried out 
without slippage in the primary scanning direction 
by two laser beams Li and L2 by which scanning 
is conducted with slippage in the primary scanning 
direction. 

Alternatively, the writing starting time by the 
laser beam L1 can be advanced with respect to 
that by the laser beam 12. In this case, image 
recording can be conducted without slippage. That 
is, it is possible to conduct the image recording 
without slippage by controlling the writing starling 
time of one of laser beams with respect to the 
other one of laser beams. 

The control of the writing position may be 
conducted so that the generation of a horizontal 
synchronizing signal corresponding to the laser 
beam L2 is delayed by the time 17 with respect to 
that corresponding to the laser beam L1. 

Further, when times T5 and T6 are found as . 
the count number of the delay clocks and the 
phase difference of clocks, as described in the 
slippage detection in the secondary scanning direc- 
tion, the following processing may be conducted: 
the horizontal synchronizing signal is adjusted ac- 
cording to the counted number of clocks; and the 
slippage found as the clock phase difference may 
be adjusted by selection of dot clocks correspond- 
ing to laser beams L1 and L2, from delay clocks 
dIO through dl15. 

The shape and combination of each detection 
area of sensors A through D, which are used for 
detection of slippage in the secondary scanning 
direction and the primary scanning direction, are 
not limited to those shown in Fig. 2, but, for exam- 
ple, those of sensors A through D may be struc- 
. tured as shown in Figs. 10 through 13. 

That is, in order to detect slippage in the 
secondary scanning direction, it is preferable that a 
combination of sensors exists, in which ends of the 
fronts of the primary scanning direction of the light 
beam detection areas are not parallel with each 
other. In order to detect slippage in the primary 
scanning direction, it is preferable that a combina- 
tion of sensors exists, in which ends of the fronts of 
the primary scanning direction of the light beam 
detection area are perpendicular to the primary 
scanning direction and parallel with the primary 



scanning direction. Further, when the end of the 
front of the primary scanning direction of the light 
beam detection area is regulated, the shape of the 
detection area may be a triangle or a square. 
5 Further, in the foregoing description, the sys- 

tem is structured by 4 sensors, that is, a pair of 
sensors used for the slippage detection in the 
secondary scanning direction, and a pair of sensors 
used for the slippage detection in the primary 
70 scanning direction, however, the same function as 
that of the foregoing, can be accomplished by 3 
sensors A through C as shown in Fig. 14. 

That is, in the structure shown in Fig. 14, two 
sensors A and B provided in the square .light beam 
is detection area are arranged in the manner that 
ends of the fronts of the primary scanning direction 
of the detection areas are perpendicular to the 
primary scanning direction, and on the other hand, 
the sensor C is arranged so that the hypotenuse of 
20 the triangle of the light beam detection area, in 
which sensor C is positioned on the front of the 
primary scanning direction, obliquely crosses the 
primary scanning direction. 

In the composition of sensors shown in Fig. 14, 
25 when the slippage in the secondary scanning direc- 
tion is detected, a combination of, for example, 
sensors B and C is used (refer to Fig. 15). Al- 
though the end of the front of the primary scanning 
direction of the detection area of sensor B is per- 
30 pendicular to the primary scanning direction, the 
end of the front of the primary scanning direction of 
the detection area of sensor C obliquely crosses 
the primary scanning direction. Accordingly, when 
the slippage in the secondary scanning direction 
35 occurs, the slippage is found as the change of the 
difference of time detected by sensors B and C. so 
that the slippage in the secondary scanning direc- 
tion can be detected (refer to Fig. 15). 

Here, the end of the front of the primary scan- 
40 ning direction of the detection area of sensor B is 
perpendicular to the primary scanning direction, the 
slippage in the secondary scanning direction does 
not greatly influence the time, comparing with the 
case where a combination of sensors B and C 
45 shown in Fig. 2 or Fig. 4 (or Figs. 10 through 13),' 
is used. Concerning the accuracy of the system, it 
is preferable that the ends of the fronts of the 
primary scanning direction of the detection areas 
obliquely cross respectively the primary scanning 
50 direction as sensors B and C shown in. Fig. 2 or 
Fig. 4 (or Figs. 10 through 13), and that a combina- 
tion of sensors is used in which the direction of 
inclination differ from each other. 

Further, when the slippage in the primary scan- 
55 ning direction is detected by sensors A through C 
as shown in Fig. 14, the slippage can be detected 
by a combination of sensors A and B, as shown in 
Fig. 1 6, in the same way as the foregoing. 
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That is, even when the system is structured by 
3 sensors A through C as shown in Fig. 14, the 
slippage can be detected as follows: when a com- 
bination, in which the ends of the fronts of the 
primary scanning direction of the light beam detec- 
tion areas are not parallel with each other, and a 
combination, in which the ends of the fronts of the 
primary scanning direction of the light beam detec- 
tion areas are parallel with each other in the secon- 
dary scanning direction, are provided, in other 
words, when a pair of sensors in which the ends of 
the fronts of the primary scanning direction are 
parallel with each other in the secondary scanning 
direction, and a sensor, in which the end of the 
front of the primary scanning direction obliquely 
crosses the primary scanning direction, are pro- 
vided in the system, slippage in both the secon- 
dary scanning direction and in the primary scan- 
ning direction can be detected. 

Accordingly, also in a combination of 3 sensors 
A through C, the system is not limited to the 
composition shown in Fig. 14, but many kinds of 
embodiments, as shown in Figs. 17 through 20. 
can easily be considered. 

When it is not necessary that the slippage in 
the primary scanning direction is detected, only a 
pair of sensors, in which ends of the fronts of the 
primary scanning direction of the light beam detec- 
tion areas are not parallel with each other, may be 
provided in the system. 

Further, also in the composition in which 3 
lines are simultaneously recorded by 3 laser 
beams L1, 12 and L3, when the slippage in the 
secondary scanning direction of two laser beams 
L1 and L2 is detected by a pair of sensors, and 
further the slippage of two laser beams L1 and L3 
is detected, the slippage of laser beams L2 and L3 
in the secondary scanning direction, in the case 
where the scanning position of laser beam L1 is 
used as the reference, can be detected. Accord- 
ingly, the composition of sensors is not limited to 
the case of two laser beams L1 and L2. 

As described above, due to an image forming 
apparatus according to the present invention, the 
slippage of a light beam interval (slippage of the 
optical axis) in the secondary scanning direction 
"can be detected by a simple construction, which is 
an effect of the present invention. When the result 
of the detection is used for adjusting the optical 
axis, the stable image formation can be carried out. 

Further, due to the image forming apparatus 
according to the present invention, slippage of both 
the optical axis in the secondary scanning direction 
and that in the primary scanning direction, can be 
detected. Accordingly, the optical axis in the sec- 
ondary scanning direction is defined as a normal 
position, and the writing control corresponding to 
the relationship of the position of the light beam in 



the primary scanning direction can be carried out. 
which also is another effect of this invention. 

Claims 

5 

1. An image forming apparatus for simultaneously 
recording plural image lines on a recording 
medium by scanning simultaneously with plu- 
ral light beams along, parallel scanning lines in 
to a primary scanning direction, comprising: 

a first light beam detector including a first 
light beam detecting surface having a specified 
shape with a first straight starting-side; 

a second light beam detector including a 
is second light beam detecting surface having a 

specified shape with a second straight starting- 
side; 

the first and second light beam detecting 
surfaces arranged in tandem in a scanning 

20 direction in such a manner that the plural light 

beams pass over along different scanning lines 
on the first light beam detecting surface, and 
thereafter on the second light beam detecting 
surface, wherein each light beam starts pass- 

25 ing over each light beam detecting surface 

from the straight starting-side of each light 
beam detecting surface and each light beam 
detector outputs a signal when a light beam 
passes over the light beam detecting surface 

30 thereof; 

the first straight starting-side and the sec- 
ond straight starting-side arranged not to be 
parallel to each other so that the distance 
between the first and second straight starting- 

35 sides varies depending on a scanning line; 

first time measuring means for measuring 
a first time during which one of the plural light 
beams passes over on a scanning line from 
the first straight starting-side to the second 

40 straight starting-side; 

second time measuring means for measur- 
ing a second time during which another one of 
the plural light beams passes over on another 
scanning line from the first straight starting- 

45 side to the second straight starting-side; 

calculation means for obtaining a differ- 
ence time between the first and second time; 
and 

deviation detection means having a refer- 
so ence time of the difference time, for comparing 
the obtained difference time with the reference 
time and for determining a deviation in a dis- 
tance between the one and the another one of 
the plural light beams in a secondary scanning 
55 direction perpendicular to the primary scanning 
direction on the basis of the comparison result. 
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2. The apparatus of claim 1, wherein the first time 
measuring means measures passing times of 
the one of the plural light beams on the first 
and second straight starting-sides and obtains 
the first time as a difference between the pass- 5 
ing times. 

. The apparatus of claim 1, wherein the second 
time measuring means measures passing 
times of the another one of the plural light to 
beams on the first and second straight starting- 
sides and obtains the second time as a dif- 
ference between the passing times. 

An image forming apparatus for simultaneously is 
recording plural image lines on a recording 
medium by scanning simultaneously with plu- 
ral light beams along parallel scanning lines in 
a primary scanning direction, comprising: 

at least three sets of light beam detectors 20 
each including a light beam detecting surface 
having a specified shape with a first straight 
starting-side; 

the three sets of the light beam detecting 
surfaces arranged in tandem in a scanning 25 
direction in such a manner that the plural light 
beams pass over along different scanning lines 
on a first one of the light beam detecting 
surface, then on a second one, thereafter on a 
third one; 3Q 
* the three sets of the light beam detecting 
surfaces further arranged in such manner that 
two straight starting sides in one combination 
of the straight starting sides is In parallel to 
each other and two straight starting sides in 35 
another combination of the straight starting 
sides is not in parallel to each other. 
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FIG. 3 
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